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1.0 INTRODUCTION

This is the summary report, as defined under contract number NAZ§-543]
for George C. Marshall Space Flight Center of the National Aeronautics
and Space Administration, submitted by Acoustica Associates, Inc. This
report covers the period of technical effort from 1 July 1963 through

15 March 1965, and is the summary of Acoustica Associates, Inc. Docu-
ment DO 5721 and DC 5750 through DO 5756-19.




2.0 ABSTRACT - 7
33
A detailed description of the conirol umit and tne mode of operation of
the four basic sections, oscillator, switch driver, output switch, and
wet-dry simulator are discussed alung with the radio interference
tiller, failure mode analysisc oi the unit and a section on iluid dynamic
characteristics of the sensor.
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3.6 OSCILLATOR

The oscillator is a transistorized hardey type, which is tuned and set

>y the high Q series

&

to be countrollied at i1ts frequency of osciilation o :
notch resonance of a specially designed piezoelectric sensor. The

Colf or un’ state of thie uscillator is determined by the piezoelectric
clement being either (1) mass loaded by a liquid of a specific density
causing the c¢lectrical umpedance at resonant {requency {ip) in the
oscillator feedback loop to look hich, "off”, or (2) the piezoelectric
element unloaded, such as when in gas, allowing the electrical im-
pedance at {{;) in the oscillator fcedback loop to look low, ‘'on.*

The transistor current gain 2and the turns ratio of the feedback trans-
former windings are the limiting factors in the design of the oscillator.
The operating point of the transistor is selected to obtain saturation in
collector current, resuilting in a partially clipped sinusoidal output.

In carrying cut an analysis of the oscillator circuit to establish the
range of variables (in particular, the fecdback turns ratio and the
current gain of the transistor), it is necessary to notc that the tran-
sistor is a current sensitive device and the circuit configuration must

. lend itself to supplying the base current requirement. For this reason
the feedback circuit comprising secondary of Tl and C2 of schematic
102575, is a scries circuit having an idealized impedance at 80 kc,
approximating the input impedance of the base circuit of the tran-
sistor in parallel with the equivalent bias network (R2 and R7).

Using linear circuit approximations, it may be shown that the condition
for oscillation may be expressed to a first approximation in t

the feedback transformer turns ratio.

N2

N;

and the hj2e parameter for the transistor is

for closely coupled coils and a reasonable load on the feedback winding.
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While the result of this expression is only approximate, it does indicate
the limits over which hyp, may vary and still have a circuit in which
the signal currents are oscillatory. Itis important that this oscilla-
tion critesrionbe taken into account when considering variation of the
transistor parameters with temperature and, hence, oscillator output
amplitude variation.

Early in the design of the oscillator and the associated DRY SIMULATE
circuit it was found that there was erratic behavior in these circuits at
certain times. A general analysis of this erratic behavior disclosced
that the difficulty was in the DRY SIMULATE switching circuit com-
posed of 25 and R8 as related to the characteristics of the oscillator
circuit. The entire circuit of the NAF 120 was build up on a special
breadboard and caused to exhibit the undesired characteristic. It was
shown that the problem was caused by the value of R8 being somewhat
lower than micht be desired for stable operation of the oscillator during
the simulated dry condition. When the value of RS is too low the oscil-
latoyr tends to function in two different modes, {1} that characteristic to
its normal tuned freguency, and (2} at a much lower frequency, thus
producing an output at 80 k¢ modulated by approximately 2 ke.

When the value of R8 was changed to 1580 chms, the trouble was com-
pletely eliminated.

In normal use of the sensing device, that 1s, with the sensor cryvstal
A <
circuitry controlling the oscillator, none of the units could be caused

to produce an undesived output characteristic.

To verify the operation of this circuit seotion, ox

performed using water, RP-1, and finger loadin in an atten.zt to

cause a malfunction. In every case, the oscillator assembly ro-

sponded as intended, displaving the desicned ontput characteristics.
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.0 BWITCH DRIVER

fhe driver stago s couyied tu the vscillatur
ance ouiput of the vecillator fecdback winding.
of the driver stage is quite low, it is nccessary to employ
coupling tecunique to avoid lvading the oscillator while Obta.}ﬁin&; suf-
ficient base drive te adequately rmainiaia switch driver output with
variativns of supply voltage and lenmaerature.

The vutput {rom the oscillaro: feedback winding is a ¢lipped sine wave
and swings negative widh respect to ¢l 'ut conunon.  Application of
this siunal (o the driver stage resulis in a squarce wave ouiput.

The signal is then transforuaed to a lower voltage at a higher current
level and rectified in order Lo dilve the final swilening device. The
sguare wavae vutpul £1015n. thb diiver is gencrally the cesult of tus stage
veing driven to saturation and thoen to the off state during input veversal
time. OCperation of the transisior in this manner providcs nigh eifl cic*}cy
since the device is either all off or all on, requirins no power los as
a result of bias levels. A more siznificant advamage is that full wave
rectification ol the transformed square wave output makes lier nei-

wo ks and fusther losses unncecessary. At the frequency of operation,

the base to emifter capacitance of the output switching device provides
adequate filtering. The “gui‘,lvr diodes have heen chosen to have fast
recovery tirme with minirral forward drop at the required ope:xatin;; {re-
guency and current level.

Since some transformer ringing will occur during off time of the tran-
sistor, a capacitor is placed across the primary winding which reduces
spike amplitades to levels well within safe maximmum BVeeo ratings for
the transistoy. Fusither protection against problems duc to excegsi

Vce is provided by the low dc resistance between basce and emitte
the device.
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L0 CUTPUT SWITCH

The transistor chosen for this applicaiion will provide up to one ampere
load switching capability with a resistive load and up to 500 niilliamperces
load switching with inductive loads. This device is so driven as to allow
the load to be placed in cither the collector or emitter circuits, howcever
to mect the specification requirernents the load is being switched in the
emitter circuit allowing tire load to be common to the 28 vde input power
line common side. The transistor switch is driven to saturation during
on time and is totally off during oscillator off time excep: for a vecy
small resideal current resulting from Igy,,. This current is only a few
miicreamperes and does not deprade the operation of the circuil.

The characteristice of the chosen output switching transistos are such

that durinz ON time at one ampere load current Voe (sat)
less than U, 6 volis allowin: for low power dissipation at ma:
current. Since the device is silicon and is mounted on a heatsinl, no
injurious junction temperature will be incurred durine prolun-ed ope.-
ation at one ampere lovels and elevated cnvironmental tenrderatures as
dictated by specification requirements.

The output of this switching stage has becn protected acainst inductive
voliage peaks Ly the inclusion of a ¢lipsing diode. This ensures reliable
operation with inductive loads such as relays or solunoids.
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0.0 WET-DRY SiniULATION

walation of cithers wet 01 dry condition is included in the clrcuitry and

is accun:plished at the oscillator throach the vse of low saturadon level

transisior switches.

)

Simulation is accomplisbied by the apolication 28 £4 vde to the appropriate

suit. Wet simulation s pro-

terminal of either transis .
vided by switching the usciliaror s
cantly Lelow the emitter potential theceby cuiring the oscillztor cff. This

sese tooa voltage signifi-

test funciden will be operated when the sensor 1s dry, thus overridin
control by the sensor. Dry simulation is achicved theouh
simiilar transistor swi.ch. This function 1s accomplisaed

the hizh impedance of the scnsor cilrcuit with the lower i e

che simnvlating “ransictor when 1i 18 tarned on. 03
be operated only when (he sensor s wel, unce ayain overgiding the con-

trcl of the sensor.
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-0 RADIO INTERFERENCE

snal specification made ne provigion for prevention of caduo

freguenoy interfercn.e and for that reason no radio Jreguency aterfexr-

eNCe :'ihc v was included in the desicn of the sensor. A later specification
included testing under MIL-1-6181D.

X a result of tests conducted on December 9, 1963 a radiv frequency
interference filter was addoed to the sonsor. A new scnsor was fabri-
cated with the transformers and filter assembly integrally potted within
the housing. While it was ;)ossiblv to fit the [ilte s network into the exist-
ing housing dimensions, several mechanical design changes within the
housing were necessary.

The new sensor was tested in accocdan-e with MIT.-I-06181D. Tts per-

forrnance during certain portiﬂ.

. the tests was no! accepiable hecause
of the particular load which wag uveed. VV.;L”. an optional lead specifica
by MIL-I-5181D was cnxpluycd, the sensor's performance was cled

satisfactory.

Upon proving the filter design adequate, the unit was ncapsalatud and
szaled. Additonal teste were performed. These t

csts included vibra-
tion {sinusoidal and randon }, shock and radio interfs

crence.  Schematio
drawing 122579 shows the filter desinn which was incorporat‘cd in the
system in ordes to cornsly with specification NMIL-1-6181D on radio
frequency interference.
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8.0 FAILURE MCDE

References

MIL-HDBK-217

Reliability {ress and Failure “ate Data for Electronic Equipment
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siinive snnlyEas e pertormed os Part o

With one enception, ail tailurce rate date s comiputed aconrang 10 MIL-FHDBER- 21T

iLitary Standarication Harndbook of Relhiihibity Stress anl Ioiave Rate Data

for Flectvounic b

jaipment publi<hed by the Departmont o0 Jieionae

The exception 1s the failure rate for lox sensor orystals which was taken {from

data accurnnjated at Acoustica Assaociates, Inc., for the past three [3) years.
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Component Sy, F_ /1200 Hours Qty.
e e SR
Resistors I, - Rq G254 7
3 )
R, & R,, . ha4 2
! 1
RZ 028 1
2 30 !

Capacitors

Diodes CRy &, 0o 2
) TRy . 020 1
Ciig & g 016 2
Transistors Q.. W, o« Q, L 020 3
e 3 “ ~ e
Q5 52 j

Transformers Tl - "1'3 . 056 3

Crystal Y, open L, 200 1
Y., shorted G. 000

1Ca

e
)
~

*  Failure rate data for orystals is taken {rom data acoumulated at A ous

Associates, Inc., on Linuid Oxygoen Sensors.
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SL FLIUID DYWRANICS

Sostudy of {Tuid dynaniic characteiistice of sonso-s inune =l in pro-
sellants was rondectaken to better snderstand the problens of 1o
separation ender hijh velocity conditiens. The sensor evhibits

difforert cha -uc&crxau ¢ of separation from variocus ligaids at
their lignid-vapor interfaces, and this phenoz‘nemm was also inves-
tizated. Included in this evaluatiom were motion picture souvdios af
poopellant flow past the sensor at high velocities.

<

The 1:id dyvnarric chasacteristics of hodias and fluids are gernerally
coordinated with enmipivical and theoretical data. The problern areas
e nut directly associated with the caleulations, but with the infor-

iation concerning the envi:omnent and variouns assumptions rognioed

i perforra the analysis,

The approaches which will ke followed arve basically compzroative.
That is, Reynolds' Nursbor calevlation, drag and flow separatior

deterniination are the topics of discussion.

1]

To determine if flow separation exists on the surfac. of a cylindrical

[’

sensor body when L:.‘Zpﬁ‘w'd to normeal flow of the propellani.

The assumptions necessary to determine if flow separation is a proh-
lerm are:
a. Density and temperature of the propellant do not chanye any
more than the allowable flow variations. The
of fuel was determined at 61 °F and used as a

b. Calculations will be performed primarily fo: steady state
flow condivons.

c. The sensor-tank relationship is simulated by a cylinder and
flat plate for bounda:y laver calvulations, drag comparisons,
etc.

d. Propellant sloshing and wave effects are not taken into account
and sutficient pressure yoadient c,)' ts due to favorable tank

conficuration in the scnsor arca {A reduction in area as {low

proceeds toward the outled).



Aninvestizatior 7 ihe interactions between the fluid dynamic character-
istics of the propellant (RP-1) and the sensor position in the tank is part

of the insalizion and perforsance evalistion of

the sveterr,  The instal-
laticn f a sersor probe into a moving {]-id envivonr ent reay provoke the

poscibility of flow separation around the senrfor. Boundavy laver, Reynolds’
Number, sensor confiynration and cther physical phenoniena are coniributing
factors to flow separation. Therefore, the analysis presented beloew e used

te determine if flow seraration alters the function of the gonenr inctallation.
a. Physical environment of the probe

The sensor probe extends normal to the tank wall and approxi-
mately two {2) inches into the propellan: tank, measured from
the wall of the tank to the tin of the senscr. The propellant
flows by the senscor station at 2 velocity of apoproxibmately 36
inches per second, with a tolorance hand »f plas or miaas 2
inches per sccond. Under these circvmstances, the initial
investioation determrined the Resmolds' Number rang» of the
configuration and installation.

Using the standard Re (Reyvnolds' Number) equatinn.

D‘V/J'

p!
where D' = diameter of sensor, feet
V = propellant velocity, feet per second

2V = specific gravity of the propellant relative
to watoer

n' = viscosity of the propellant, centipoise

7306 (0. > 6712 {6, 81¢
Re = 7736 (0.375) (36/12) (0. 810) 4700
1.5

In figure 1, Reynolds' Number variations are prescnied as a
function of specific qravity of RE’~1. The velocity tolerances
of the propellant, namely %2 inches per second and specific
pravity vaviations in the ecquation, have little etfect upon chang-
ing turbulent {low to laminar, thus Reynolds' Numbei. The
Reynolds' Number calculation for this installation indicated

Yl
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that turbulent flow characteristivs will generally be expericnced.
However, the Reynolds' Number is in the transitional zone and
fluctuation between laminar and turbulent flow is a direct pos-
sibility of the variables. Fage and Walker conducted larminar
flow airfoil tests in a wind tunnel and Steven water tank. The
latter is used to determine the Froudes' Number.

The results showed that the same airfoil produced turbulent {low
characteristics at a lower Reynolds' Number than results of the
wind tunnel. Therefore at the same Reynolds' Number, it is
possible to see turbulent flow in water and larminar flow in air
for the same configuration.

General flow characteristics of the propellant and sensor. The
Reynolds' Number describes the fluid interaction characteristics
of a cylindrical sensor in the propellant. The drag coefficient,
Cpys for a cylinder is

Cp 1.2 for low Reynolds' Number (laminar flow)

i

Cp 1.0 for low-medium Reynolds' Numnber (turbulent {low).
The difference in Cp is attributable mainly to the separation at
the end or tip of the sensor. It also reflects the Reynolds'
Number difference.

It can be shown in figure 2 and 3 that drag characteristics are
determined from: Froudes' Number.

/ 24
= 0.5 F = 0.5 #
- /2 2
3.c Where ¥V = velocity
Fyp = Froudes' No.
i)
\k\ = Y gh
~ Zo )
\0( g = 32 fiL sec. ¢
o) h = distance of the ¢vlinder
H } o into itnhe flord, feet,
)
Lﬁ
o
o] 2 < &

s, 2 — }/e‘éoqry) V- Friec.
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the flow separation created by the end or tip of the sensor in

In the reference, "Fluid Dynamic Drag. ' by S.G. Hoerner,

the {luid is essentially similar to a phenormenon cncon.passing
pressure coefficients and incipient cavitation for three-
dimensional firurcs. (See figure 4.)

A corrclation exists between the pressure and drayg coetficients.
That is,

\ i
VP . D
Cp, = —— and Ciy = —
p
> S .
Q.‘
where Cp = pressure coefficient
Cp = drag coefficient
I = change in loss in pressure, PSi

dynamic pressure on head, PSI

= drag, lb.

wn O <y
]

= drag area, square feet




T coualicoation of D/S is effectively a loss in force in terms
of draz over a jiven area. Inother woxds, / Pis approxi-~
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The gtarting point of Iow separation is generally institated
at the leading edge or epsireamn edge of the cylindrical tip of

the sensor. Flow soparatioonis a direet function of the pro-

pellant flow characteristics and primarily,

Pi

leadinz «d e profile.
The latter will deterwine whether the flow will 2
.
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The separation which shows an adverse pressure peak {(nhevative
pressure gradiunt) jradually recovess to a plateau vrossurc.
The beginning of the plateau pressure is generally located at
the heel of the pressure profile. The hecl is located at apsrox-
imately 40 to 50% of X/D where X is the specific location of the
plateau pressure and D is the diameter of the cylinder. The
point of separaticn is cenerally 10 to 20% of X/ D, with 15%,
being the avax
ation at the leauln

Ir see:s looica) (¢ reason that flow separ-

v cage will exis: and that the flow will re-
attach. Thercfore, no downstream separation will be
transmitted from the sensor.

As long as the boundary layer conditions along the tank wall do
not intercept the sensor tip, the boundary layer profile per se
will not intesfere with the function of the scnsor tip. It is
cstimated that the fluid flow velocity passing by the sensor

tip is approximately the mid-stream velocity of the fluid.

The variation which may affect the performance of the sensor
is the eddy oxr funncl effects of the outlet and its relationship
to the tank botton:. However, this may be offsct by a more
favorable pressure gradient in the sensor locale.

The boundary layer calculation is presented to show that it
does not have any effect upon sensor and its location. For

turbulent flow characteristics, the seventh power boundary

layer profile ecquation is used.

1/7
A/X = Q. 154/ Re
where % = voundary layer thickness

X = distance upstream from the station measured,
assumning flat plate

Re = Reynolds' Number
50X = 0.154/747008 T = 015473, 35

o/ X = 0,040
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The sensor probe extends into the fluid 2 inches. If the boundary
layer thickness is assumed as 2 inches, then

. 000
. 046

X = e =
. 046

b

he value of the calculated X, distance upstream from the
station measured, is much greater than the installation. The
boundary layer build up will not exceed 2 inches at the sensoxr
station. To reitera.:, analysis is based upon a {lat plate
boundary layer effects. Therefore, the sensos tip will fecl
full mid-stream velocity of the propellant.

The sensor tip and sensor body are a unit made of two diffcrent
diametrical cylinders. The use of a simple cylindrical shape
to calculate various flow characteristics is not altered by the
actual configuration for this Reynolds' Nurnber range.

SUMMARY AND CONCLUSION
The followiny is a summary and conclusion of the events.

1. The Reynolds' Number for this installation jgencrally classifics
the flow as turbulent.

2. The flow sepavation will not be experienced by the sensor tip.

It it does, then sepavation will be a direct function of the

Reynolds' Number and configucation profile.

W

he pressure gradient of the sensor-tank environm:ent is
favorable when comparcd to the probable sloshing, eddyin-
and tunncling conditions which may exist ncar the bottom
of the tank.

4. There is suificient evidence by various analogies that the total
performance at the sensor in the ~iven environment will perform
according to the Acoustica specifications.




